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(54) Method and system for analyzing a catalytic reaction and its utilization 



(57) In a method and system for developing a cata- 
lyst, a catalytic reaction is comprehended as a collectiv- 
ity of elementary reaction processes, which are 
analyzed by combining an experimental chemistry 
method, a computational chemistry method, and a com- 
putational physics method. The result of the analysis is 

Fig. 3 



reflected to the selection of a catalyst construction. 
Thus, it is possible to realize a systematic and ecologi- 
cal catalyst development having a high degree of gener- 
ality and simultaneously capable of greatly reducing the 
time required for the catalyst development. 
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Description 

Badtground ot.the invention 



.[0001] ■-' The-present invention relates to Ja catalytic . 
reaction analyzing nnethod and system, and more sp^% 
cificaliy to a method and system for analyzing a catalytic , 
reaction by dividing a catalytic reaction Into a plurality of . . 
elementary reaction processes, and by analyzing each 
elementary reaction process by means of an optimum 
method • selected from a computational chemistry,,., 
method,- a computational physics jnethod and an exper- 
imental chemistry, niethod- or a combination of those. ^. 
methods. -FurthemDore; the present Invention relates to 
a=method-and system for developing a catalyst by utiliz- . 
ing the.catalytic reaction. analyzing me^thod and systenn. 
for selection of controllable.parameters 
[0002] i . Referring to Fig. 1,- there is shown a flpw., 
chart Illustrating a prior art example ofjthe catalytic reacr, . 
: tion developing method. .This prior art catalytic reaction . 
developing method is executed: A catalyst construction . 
(active component, and in the case of a heterogeneous, . 
catalysis, a catalytic earner) is-selected. jn-;aocordarice. . 
with the aim of development (step 1 : selection of cata- 
lyst construction), and a method .for preparing the cata- ■ 
lyst ris -examined (step 2 •: .selection : of catalyst, 
preparation method). .Then, the catalyst is actuaDy pre*, 
pared (step 3 : preparation, of catalyst), and the pre- 
pared catalyst is analyzed (step 4 : analysis of prepared 
catalyst). If it is confinned thatrthe prepared catalyst has 
the aimed catalyst construction,: it goes to perfonnance.. 
evaluation, of the -catalyst (step 6)i and on the other 
^hand, if it is not so confirmed, it returns to the step 2 to 
re-examine the method for preparing the catalyst and its. 
succeeding steps (step 5-: confirmation as to whether or 
not the prepared catalyst- has the aimed. catalyst con- 
. struction). If the performance evaluation of the catalyst 
;.in the step 6 results in that the aim:is satisfied,.the ■ 
' method ends.- On the other hand, if it is evaluated that , 
. the aim is not satisfied, it returns to the step 1 so that the 
method is re-attempted from;the selection of catalyst, 
construction.-. ; * 

[0003] As regards the selection and re-selection of 
catalyst construction, no theoretical system exists, and 
it is an actual practice to perform .the selection and re-, 
selection with the experience and the hunch of a devek 
■oper. For example, a suitable parameter selected from- 
controllable parameters is. changed in .a suitable direc- 
. tion; and if the perfonnance- of the catalyst is resuttantly 
"improved, the catalyst is adopted, ft not so, the selected . 
parameter is changed in a.different- direction, or another 
parameter is selected and changed. Similarly, the seiec- 
tion of the catalyst preparation method is relies on, the 
experience and the hunch. Therefore, a long time is 
required until the catalyst, having.the catalyst construe; : 
tion which becomes the-objea of the evaluation. ■ 
[0004] In conclusion; -the prior art catalytic reaction : 
■ developing method has the:foHowing'problems: 
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[0005]. A first problem is that huge time and labor 

are required until a catalyst is developed, and when the 

aim is' achieved (namely, when a desired catalyst is 

obtained) is Inexplicl 
5 [0006]; The, reason for this is that: As mentioned 

above. " the selection and re-selectipn "of catalyst con- 
. stru(ition and the selection' of the catalyst preparation 
; method, which are a, key in the catalyst development, 

.are", executed on thiB basis of th^ experience and the 
JO hiinch, which is a uncertain or strongly claptrap means. 
„. _ Particularly, for a. completely new aim (reaction), the 

. experience and the hunch cannot be applied, and there- 
, , fore, the deyelpprnent is. in a complete "groping in the 

dark* condition." 

[0007],. . the process for actually preparing (synthe- 
sizing) the catalyst and elevating the performance of the 
prepared catalyst, needs a long time. Generally, the cat- 
alyst preparing method is ordinarily different from one 
catalyst construction to another. A long tinie needs to be 
spent for optirnizing the .catalyst preparing method, for 
.exarriple. for using , what catalyst preparing method. If 
the.selection.(and re-selectiorij'of catalyst constmction 
is in error, it results .in that.the" process'fbr actually pre- 
p'ariing (synthesizing) the cata.ly^ and elevating the per- 
fonr^ance' of the prepared catelyst, which are 
■ meaningless from the" view of the_ aimed catalyst, are 
"executed, while spending a fona timei. Therefore, a long 
time is. required .until the aimed catalyst can be 
obtained. Accordirigty, it is a rhatter of course that it is 
30 , desired to use a mean having .as high certainty as pos- 
sible. Nevertheless, the selection arid re-selection of 
catalyst coristruction must have been executed by use 
of the uncertain means such as the experience and the 
. . hunch, because (1 ) there is no means for selecting the 
35 . catalyst constnjctioh unambiguously from a given aim, 
. . since an expression mechanism pf the function of cata- 
^ .-lyst is inexplicit arid since a ca.usal relation between the 
.catalyst peTfonmaince arid tfie (selected)' catalyst con- 
• , struction is generaliy inexplicable, (2) there is no gen- 
eral means for add the .result, obtained from the 
evaluation of the catalyst performance, as a factor used 
for deciding the re-selection pf catalyst construction, 
and (3) others. This can be said that, since a method for 
systematically analyzing the catalyst reaction for a short 
time has not yet been established, the catalyst reaction 
cannot be sufficiently analyzed, and therefore, there is 
nothing than to treat the catalyst having.the key of the 
catalyst reaction, as a black box, with the result that 
. ' there is nothirig than to, adopt a trial-anrf-eiror develop- 
■50 ing method as mentioned above. 

[0008] Efforts are being conducted for shortening 
the time required for the preparation of.the catalyst and 
' the evaluation of the catalyst perfonnance, by introduc- 
- _ ing a combinatorial chemistry nnethod. as in S. M. 
ss, ..Sankan, Nature, 394, 351 (1998). However, the selec- 
.. tion and reselection of catalyst construction is still 
: . based on the trial-and-enror method, and how to change 
. the controllable parameters is still based on the expert- 
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ence and the hunch. develop, for a short time, a catalyst in a completely new 

[0009] In add'rtion, at present, there are problems ^'eld (for example, environment catalyst for decompos- 

' attributable to the combinatoriai chemistry method itself, '"9 ^ "^w detrimental substance), 
for example, a method for preparing a library {prepara- [0014] A fourth problem is that a large amount of 
tion or synthesis) and a treating condition therefor are 5-' -waste is generated by the catalyst development of the 
restricted, and a method for analyzing the obtained- above mentioned trial-and-en-or type. This must be said 
library is hot satisfactory.* Accordingly, the introduction of' ' to be a significant defect under the present where an 
the combinatorial cheniistry method does not directly" • "environmental quality is becoming important, 
result in a remarkably shortened catalyst developing [0015] - In particular, when a detrimental substance 
tiiTie. r . . r , ■ ^jj. (reactarft, or product, or catalyst) is handled, a large 

[0010] The circurnstances that the "huge time is" * amount of toxic waste is generated, a further heavy 
required and it is uncertain when a desired catalyst can' ' ■ ' ' problem rtiay -occur. For example, when a catalyst for 
be obtained, is a fateful dieifect; In addition, if the aim is decomposing 2,3,"7,B-tetrachlorodibenzoparadioxin is 
achieved (narriely, a desired caUfyst can 'be resuttantly ' ' - developed, 1t is neceissary to use the toxic 2,3.7. B-tetra- 
obtained), it should be rathei- considered to be good, but - 75 ■ chlorbdibehzopafradroxin -at each time of^evaluating the 
there is possibility'that even the aim cannot be result- * • ' " catalyst jserfomnance, and in addition, there is possibility 
antly achieved. that all df an 'evaluating niachine, labware, consumable 

[0011] A second problem is tKat a systematic cata- ' * goods and the catalyst to be' evaluated* are contami- 
lyst development cannot be expected in the prior art cat- * . ' '"^ted 'by 2,3,7,84etrachtorodib6nzoparadjoxin. There- 
aiyst developing method. Actually,- a "materiar to Be ' ' so fore; those become wasted which need a special control 

Jreated should have changed into a (final) product'by' -" at^a discarding timers ^ 

' undergoing a plurality of elerhentary fea^^^ ' ^ • " ' ' ' ' j- ^ 

. under existence of the catalyst However, in an exp€tri- - Brief Jsunirriary of the irtverttiont * . 
mental chemistry mkhod, since only the final prodbcS- ' " - ' .r.. • . 

can.'be bfdinarily detected, wh^ can be knowni^ 25^ [00161' ''AbCOrdingly, tt^ is an. object of . the present v 

final result of the catalytic reaction which is colligated of • . invehtibh • to provide ~a catalytic - reaction analyzing 

the elementary reaction processes. A Change of a spe- • method which 'has' overcome the .above ^mentioned f. ^: 

cific coritroUafale parameter Should give any influence to ^ problehis* bf Ihe^ prior: an catalytic .reaction analyzing r 

a specific elementary reaction process (or a plurality of '* methodsi - • c v. - -r 

elementary reaction processes in sorne cases), but a 3d (0017] : Anbttiferobjed of the presentJnvention is to • 

transition state cannot be directly Known by the experi- providiB''& cataiyfic" Inaction dewelopingi method which - 

mental chemistry method, and an attempt for detecting • utilizes the "catetytic -rfeaction analyzing rmethod, and 'Sr 

a reactlv4 intermediate is difficult As a result, it can be whlch= has':overcorne the problems of the prior art cata- 

said thatltissubstantially irnpossible to directly prediti lytifc reaclJo'n'Ctevelopihg methods. i-s»' • * 

the function" of catalyst from the catalyst construction in 35 [OOtS] " " Acfcording -To a firstifeature of^the present 

the' frame of the prior art catalyst developing method. - inventioA, ttie "catalytic reaction is comprehended as a . - 

[001 2] On'me other hand, although it is not theoret- • ' " ' -collecti^ (or group) of elemerrtary reaction processes. 

ically supported; there is possibility that the causal rela- ' [0019]" - Thus, the catalyst, which was treated as a 

tibn between the catalyst construction and the funaion black box in the prior art, can be grasped as the collec- 

of catalyst can be known to some'tlegree by examining '40 tivity"-of functions which advance the respective elemen- 

in depth the change in the function of catalyst when fery reaction processes. 

respective ^aranieters are changed. In addition, [0020] According to a second feature of .the present 
depending upon the kind of the catalytic reaction, it is in '■ invention; the elementary reaction protesses are ana- 
some cases that'an outlirie^ as to what elementary reac- lyzed and the result of the analysts is fed back to the cat- 

' tiori processes the catalytic, reaction undergoes, can be ' 45 alyst development ^ 
imagined from'thfe result of a series of experiments:' [0021] " In^th©. prior art catalyst development, since 

^However, for this purpose, it is necessary to actually " the catalyst was'treated asra black box; it is difficult to 
prepare catalysts haying different constructions and to analyze the catalytic reaction; and more difficult to feed 
analyze the prepared catalysts. This needs many time back the result of 4he' analysis Jto the catalyst develop- 
and labor as rrientioned above, and therefore, it is hot so ment In the present invention, however, by grasping the 
ordinarily executed. • catalyst as a:c6llectivity of functions which advance the 

[0013] The problem in which the systematic catalyst respective elementary reaction processes as men- 

■ developririent cannot be expected, leads to ia third prob-"' tionerf above, it become possible to analyze the cata- 
lem in which the catalyst development method has no ' ^ " lytic reaction and to-feed back the result of the analysis 
generality. In the prior art catalyst development method; ss ^ to the catialyst'development 

it is difficult to apply data of development for a catalyst, • [0022] ' As a result, It is possible to know how the 
to development for a completely different catalyst ■ ■ function of catalyst changes because of. a change of a 
Accordingly, at present, ' it is extrdriely difficult to 'controllable" parameter, • and whteh of controllable • 
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parameters should be changed to obtain a desired func- 
tion of catalyst. Therefore, a systematic and efficient 
catalyst development becomes possible. 
[0023] 'In addition, catalytic reactions, for example." 
a catalytic reaction A and a catalytic reaction B, that was 
considered to be con^pletely different catalytic reac- 
tions, may include a common -elenfientary reaction pr6c- 
ess. In this case, a portion of the analysis result of- the 
catalytic reaction A can be directly deemed as the anal- 
ysis result of the catalytic reaction B, and can be utilized 
in "a catalyst development for the catalytic reaction B.' • 
This can contribute to the efficient catalyst develop- 
ment. - . . 
[0024] ■ According to a third feature of the present 
invention, the analysis of the collectivity of elementafy 

' reaction processes is carried out' by combining' an 
experimental chemistry method, a computational cKem- - 
istry method and a computational physics method. ■ 
[0025] In the analysis of the catalytic reaction, it is 

* necessary to accurately know the structure of interme^ 
diates and transition states.' each composed of a cata-- ' 

' lyst" and a reactive chemical species bonding with the 
catalyst, and stability of the iiitermediaties- and the M 
transition states. AsYnentioned above,- however,' ft' is ' 
impossible to directly know the'transiti'ch state by use'of * 
only the' experimental' chemistry niethbd; and it is diffi- 
cult to detect the intemrtediates by us^ of only the exper- 
imental chemistry method.* Acconilin'gly, a catalytic 
reaction analysis satisfactory "for the "catalyst develop- 
ment cannot be realized by 'directly Utilizing only ' the 
experimental chernistry fih'ethod. ' * ' 

"'[0026] * According to the computatiohal chemistry- 

' method! it is possible to know the intermediates and the 
and transition states by computation. In' a pharmaceuti- 
cal field and others, actually, a molecular design is con- - 
ducted by utilizing the computational chemistry method! 

' However, since a solid substance cannot be handled in - 

■' the computational chemistry misthod, It' v*^ difftoutt to 
analyze a catalytic reaction by use of only the computa- 
tional chemistry method, in a solid catalyst such 'as a " 
solid phase-gas phase heterogeneous "catalysis in- 
which a physical property of a solid matter is significant, 
and in a homogeneous catalysis, in which large dusfers 
engage in the catalytic reaction. 
[0027] - However, the cohnputational physics method 
can handle the solid substance, and Is already applied 
in' developing "various, physical materials. However, 
sirice the computational physics method cannot handle - 
the_ chemical reaction, ift "is .difficult to analyze the cata- 
lytic reaction by use'of only the computational physics 

■ method. " ■ "j • 

[0028] As mentioned abbve, each of the experimen- 
tal chemistry method, the computational chemistry 
method, and the computational physics -method has 
advantages and disadvantages, and therefore, the cata- 
lytic reaction cannot be directly analyzed by use of only ' 
one of the experimental chemistry-method, the oonnpu- 

^ tationa[ chemistry methdcl, and the cpnif)utational pHjis- ' 



ics method. 

[0029] On the other hand, in the present invention, 
the catalytic reaction is comprehended as a collectivity 
of elementary reaction processes. Each of the elemen- 

5 tary reaction processes is analyzed by selecting an opti- 
mum one from the group consisting of the experimental 
chemistry method, the computational chemistry 
method, and the computational physics method, a com- 
bination of two selected from the experimental chemis- 

70 ' try-method, the computational chemistry method, and 

'.' the computational physics method, and a combination 
-of .the experimental 'Chemistry method, the computa- 
I tional chemistry method,- and the computational physics 
method, so that the catalytlc.reaction analysis becomes 

IS- extremely-efficient and effective in comparison with the 
• case that the catalytic reaction analysis is conducted by 
applying any one of the experimental chemistry method, 
the computational chemistry method, and the computa- 
: . tional- physics method, to an overall catalytic reaction. 

io ' [0030] According to a fourth feature of the present 

- ' inve^rtion, a preliminary catalyst performance evaluation 

Is conducted by the above mentioned :catalyst analysis 

" ' method, prior to an. actual, preparation of the catalyst 
' ' [0031] - In the present invention, -it is sufficient if it is 

25 - possible to prepare only catalysts required when the 
preliminary catalyst, performance evaluation is con- 
'"ducted by the experimental chemistry method, and a 
catalyst presumed to meet the aim in accordance with 
the prelimiriary catalyst performance evaluation. There- 

30 tore, it . is possible to greatly reduce the time and the 
tabor whbh are required for the step for selecting the 
catalyst preparation method and its succeeding steps. 
[0032] ■ In addition, the possibility of greatly reducing 
the time and the labor which are required for the step for 

35 selecting the catalyst -preparation method and its suc- 
ceeding steps, leads .to possibifity of greatly reducing 

- the waste generated ,■ in the process of the catalyst 
' ■ development. Therefore, an ecological catalyst develop- 

nr)ent can he realized in accordance with the present 
40 'invention. 'For example, even in the case of handling a 
toxic materia! as in developing a catalyst for decompos- 
ing 2,3,78^tetrachlorodibenzoparaclioxin, it is possible to 
-reduce a risky experiment handling-such a toxic mate- 
'rial and simultaneously to: minimize generation of toxic 
45 materials. ' "• - • . 

[0033] Here, ^in this specification, the following 
terms should be understood to have the following mean- 
ings: . 

' "■ [0034] The "catalyst" is defined to be a substance 
50 that changes the kinetics of a chemical reaction by add- 
irig the substante into a' system in: which. the chemical 
• reaction can-advance themnodynamicaily Ordinary, the 
'-^ condition of-the catalyst includes a requisition that the 
' ' substance does not change before and after the reac- 
55 tioh. In this specification, however, even if the substance 
' - does not satisfy this requisition, the .substance is 
' 'deemed to be the catalyst For example; a substance 
- such as a chemcal adsorbent, whicR is not ordinarily 
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deemed as the catalyst, is included in the catalyst in this , 
specification. • - 

[0035] The "catalytic reaction" is defined to be a 
chennical reaction that can advance in a.system includ-, 
ing the catalyst, by action of the catalyst. In this specif i: 
cation, the catalytic reaction should be understood to 
include not only a homogeneous catalytic reaction and 
a heterogeneous catalytic reaction which are an ordi- 
nary catalytic reaction, but also deactivation of cataly- 
sis, and a chemical adsorption by a chemical adsorbent. 
[0036] The • 'catalytic reaction process" Is what,., 

• expresses an advancing route of the above mentioned 
catalytic reaction. iSi^i:^-: * • • . :•, 
[0037] The'-erementaTyi reaction" is- a reaction that . 
the change of a; chemical bond: is. expressed by one- 

-microscopic process in a^system/includiag at least one • 
chemical species such as a molecule;:an atom, a solid : 
substance, a radical, an: ion, • etc. --Here, the "bond" 
should be understood to^ include not^ only a covalent., 
bond and an' ionic bond.rbut also alhother bonds, for 
bonding between chemical/ species: including a mole-, 
cule, an atonva solid substance,..a. radical, and an/ion,.^ 
by action of "aMnterraolecular force or anolher force, for 
example/B bond given-:by a weak jntermolecular force, . 
such as a-van der Waals force acting.between chemical 
species. Accordingly;: in this specification,;the elemen- 
tary reaction indudes a physical at)sortMng phenome- 
non at a solid substance surface. 
[0038J ' The rrelementary. reaction process" is what 
expresses an advanicing route of the above mentioned 

< elementary reaction. As mentioned above, in this spec-- 
ification, since - .the elementary reacjion includes the 
physical absorbing phenomenon - attributable to the 

-•weak intermolecular force, the elementary reaction, 
process should.be considered. to be inchide a phenorn- 
enon such asradsorptioato the. catalyst and detachment 
from the catalyst, which are ordinarily considered to pe 
a physical phenomenon. 

[0039] The 'controllable parameter* is a parameter 
■ that can be selected within any ore specific range in an 
. aimed catalytic reaction process. In, an ordinary cata- 
: lytic- reaction, a reaction. condition such. as a treating 
.temperature and .a treating- flow rate, a catalyst con- 
struction (including a catalyst. composition), and a car: 
rier, are this controllable parameter. • [n this case, if a 
starting material of the catalytic reaction can be. 
selected from different kinds of compound, the starting 
material becomes the controllable parameter. To the 
contrary, in a catalytic reaction for converting a specified 

• starting material, for example, a toxic waste, into a prod- 

' uct having no toxic property, by action of a catalyst, the. , 
starting material is not the controllable parameter, but , 
the product becomes the controllable parameter . t 
[0040] The "catalytic reaction analysis" is an arialy- 
^is for knowing a causal relation between the charige of 

>. the controllable parameter and the function of catalyst . 
[0041]- The "intermediate" is a chemical spacies 
that is generated in the way of the reaction route starting 



V from the starting material and to reaching the product in 
the catalytic reaction. In this specification, the interme- 
diate includes a intennediate have an extremely short 
./lifetime which cannot be captur^ in an ordinary chemi- 
se,,,, ,cal analysis. . , " 

[0042] The "transition state" is a condition In whch 
a free energy of the system is maxirnum in the reaction 
•1 . route. 

[0043] The "elementary reaction .process analysis" 
10 is to know the change, in the elementary reaction proc- 
.ess, of the physical property of respective chemical spe- 
cies (molecule, atom, solid substance, radical, ion, etc.) 
;engaging in the reaction,, and the energy state of the 
.. systern, at .a starting point and at an ending point of the 
15; elementary reaction process, in a.intennediate, and in a 

- - transition state. 

. [0044] The "computational physics method" is an 
analyzing method mainly for computing an interaction 
between an electron and. a nucleus on the basis of the 
^ 20 -quantum mechanics, to. simulate the physical property 

having a directly engaging electronic strupture. 
r [0045] . The "computational chemistry method" is an 
..analyzing method .mainly for computing an interaction 
between chemical, species (molecule, atonri, solid, sub- 
25 .Stance, radical, ion,, etc.) , on the k)asis of the quantum 
t .mechanics, to -simulate an interaction and a reaction 
between chemicat.species. 

[0046] The "experimental chemistry method* is an 
.analyzing method based on an expenrnehx such as a 
30 chemical experirrient and. a chemical analysis, accom- 
panied with a. chemical., change, a physical property 
.evaluation.usingan instrumental analj^is, ahdthe result 
thereof. 

- PO^?]- Th® above and other objects, features and 
35 advantages, of the present invention will be apparent 

from the following descriptipn of prefe'rred.embodiments 
. of, the. invention.. with reference, to the accompanying 
drawings. • _ . ^ 

40 Briet description of the drawings 



10048] . . , 

. Rg. 1 . is a flow chart Illustrating the prior art catalyst 
4S . . developing method; 

Rg. 2 is a flow chart illustrating one eimbodiment of 
the catalyst developing method in accordance with 
the present invention; and ^ , . 
Rg.. 3 is a diagrammatic block diagram illustrating 
so " one* embodiment of the catalyst developing system 
. . . jn accordarice with the present invieiition. 

..Detailed description.oftKe invention 

.55 [0049],, Referring, to' Rg. 2, there is shown a flow, 
" ' chart Illustrating onp embodiment of the catalyst devel- 
. . oping method in accordance vyith the present invention. 
[0050] First, a catalytic reaction which is an aim to 
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be conducted with a catalyst is set (step 1 1 : setting o1.. ^. 
the ainn), Then, a catalyst construction is selected oh'" 
the basis of data in a catalyst construction selection 
data base 12 (step 13 : selection o1 catalyst construe^ 
tion). . 

[0051] Thereafter, the catalytic reaction is disas-. . 
sembled into a collectivity of elementary reaction prpcr ^ 
esses (step. 14 : disassembly, into a collectivity of 
elementary reaction processes). Generally, a plurality of 
elementary .reaction process collectivities can be con- 
sidered for one. catalytic' reaction. Each etementary . , 
reaction process collectivity is analyzed by applying a 
suitable one selected from the experimeptai chemistry 
rnethod, the computational chemtsfry. metfipd and ?he . 
computational physics method to respective elementary 
reaction processes (step 15 : analysis. of the collectivi- 
ties of. elementary reaction processes). Here, as men- 
tioned above,: it is. not necessary to 'apply the sarne , 
. analyzing method- for all the elementary reaction proc- 
esses. The result of the analysis ^of the respective ele^ 
mentary reaction process collectKrrties is compared with ,. 
the result of the analysis by the experimenjat chemistry, 
method for.the oyerall catalytic reaction, or alternatiyety . 

■ with the result of anotaeranalysis already stored in an., 
elementary reaction process analysis data base 16. and 
then, the result, of computation hav^g. the highest, 
degree of coincidence is regarded as the rnost doubt- . 
less elementary, reaction process collectivity. Here, the 
analyzing method used in this, process is regarded as 

. an analyzing method which is eslimated to be the rhost, 
efficient analyzing method for. analyzing each elemen- 
tary reaction process (step 17 : selection of the elemen- 
tary reaction process collectivity and. the analyzing., 
method). 

[0052] ^pr the selection, of the most doubtless ele.- . 
mentary reaction process collectivity, and for the assign-, 
ment of: the most efficient .analyzing method,^ an 
evolutionary computation for example, a genetic algo- 
rlthrri can be applied. ....... 

[0053] Just after the start of an operation of this 
embodiment, the catalyst construction selection data 
base 12. stores the experience and the hunch in prior 
, catalyst developing methods. . However, with the opera- 
tion of this" embodiment, more.: effective information is 
additionally accumulated in the catalyst construction . 
.selection data base .12. ; . 
[0054] . . The result otanalysis is accumulated in the 
elemeritary reaction process analysis data base 16,.by 
sorting the result of analysis by elementary reaction., 
•process.- Therefore, the accumulated result of analysis., 
can be .imrnediately utilized at the time of analyzing 
another reaction process, or. at. the time of verifying 
another.analysis result 

,[0055], It cannot- be -necessarily said that the most 
; doubtiess elementary^ .reaction- process collectiyity 

■ obtained from the above.analysis gives true elementary 
..reaction processes. -jn addition, it cannot be necessarily 

■ , said that the mostiefficient analyzing method is a truly 
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most efficient analyzing method. However, the degree 
of doubtlessness can be Elevated by 'repeating the 
above meritioned process in which the result of compu- 
tation for the respective elernentary reaction process 
collectivities is compared with the result by the experi- 
'rnental chemistry method for the overall catalytic reac- 
tion:(the verification by the experimental chemistry 
method), or alternatively, with the result of another anal- 
ysis stored iri the' elementaiy reaction process analysis 
data base 16, so that the result of computation having 
the highest degree of 'coincidence is regarded as a most 
doubtiess ejemeritaiyVeaction pbcess collectivity. 
[0056] ' ' The cornputafibnal chemistry method, the 
corhputational physics method and the experimental 
chemiistry methb'd used in the present inverition are not 
limited, and cbnventibnally used'methods can be used 
without' modification. regards this experimental 
chemistry methpd, a combinatorial chemistry method 
Vhich is'becomirig recefitiy used in a pharmaceutical 
field, caii be used 'in addition to a sur1ac> analyzing 
method and a catalyst evaluating rtietlipd which are 
used Iraditiqnally. For example, since rhost of phenom- 
ena occurring on a catalyst surface advances on the 
order of. femtoseconds; it is'now difficult to directly cap- 
ture the phenomenon, but a fesuttantiy generated phe- 
rtprrienon, jof exampie, an oisciilating excited condition 
' of the product is maintained for a length of time longer 
than femtoseconds, and therefore, "can be detected in 
.some cases. D. J. Balds and S. L Bemasek. J. Chem. 
piiys.. 109. 746 (i998)*succeeded in estimating a reac- 
tion mechanism by observing this" oscillating excited 
.condition. This method can know only, the elementary 
reaction processes, constituting a portion" of a limited 
catalytic" reaction, but can be applied in the present 
invention as a nriatter of course if possible. ' . 
[Goij] In the'pr'esent invention, no matter what ana- 
' lyzing method is used, 'the present' invention can finally 
'. reach an>ptimum anali^ing' methpd fay a lemming of the 
' system, teased oh the verification^ of the "above men- 
tioned analysis result.' However, a manner of preferen- 
tially using a method which is experientially considered 
.to be effective for an efficient analysis, would- be effec- 
tive in shortening, the analyzing tirne, and therefore, is 
recomme ridable. 

[0058] For example,, whether or not the method is 
optimum is decided on the biasis.of the feature of 
respective elementary reaction processes. In a system 
, in which infomriation conce.rning the physical property is 
important, the'computational physics, rnethod is prefer- 
' entially used. In a system jh which information concern- 
ing the reaction "is" important. the computational 
chemistry metiiod is used.. 

[0059] Consider as an example a catalytic reaction 
including (1) adsorption .to .a catalyst surf^pe of a sub- 
, stance to be treated, (2) shuffle of the bond.on the cata- 
. lyst surface, and (3) detachment of the produce from tiie 
' . catalyst surface. Iri the processes (1) and"(3), it is Impor- 
tant to analyze the physical property on the catalyst sur- 
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face, in addition to analyze the elementary reaction 

processes for these processes, In the process (2), it is " 
important to. accurately know the structure of intermedi- V 
. ates and transition states, which are composed of a 
reactive ciiemical species bonding with the catalyst, 
and stability ot the intermediates and the and transition 
states. In this example, an efficiem reaction analysis • 
can be conducted by using the cpmputational physics 
method in analyzing the physical property on the cata- 
lyst surface in the process and by using the compu- 
tational chemistry method in analyzing a reaction 
situation in the processes (1 ) and (2j. .V.^ . 
[0060] Depende'ntly upon the. kind of the catalytic 
reaction, the analysis can be completed by only one or 
two of the above mentioried three rnethods. However, it 
is preferred that the three methods can be used always 
.to comply with any reaction. 

, [0061] ^ , On the b^sis of the result of the analysis,' a 
catalyst performance evaluation is conducted (step 1 8). 
Specifically, the catalyst perforrWance evaluation (step 

.18) is 'conducted on the basis of the data in a catalyst 
perfomriance evajuation data base 1 9. The catalyst corf- 
structipn selection data base 12, the elementary reac- 
tion process analysis data iDase '16, and the catalyst 
perfofrnance evaluation data base^lS can share data: 
Atterriatrvely, ft may be in sonne cases that just after the ; 

^ start 'of the operation in the system, no effective data is 
stored in the catalyst perfomnance evaluation data base 
1 9. In "this case, this step is skipped so that it goes into] 
the selection^of.the catalyst preparation method (step 
20). " . ^ . 

[0052] The catalyst preparation method selection 
20 and its succeeding steps . are apparently similar to 
the prior art rnethod explained with reference to Fig. 1, 
and therefore" further explanation" will, bje omitted. How- 
ever, since trie catalyst previously restricted to possible 
catalyst candidates before'it goes into the catalyst prep- 
aratjori method selection step, the number of catalyst' 
candidates to be analyzed is gi-eatly reduced in compar- 
ison with the prior art, and the time and the labor can be 
greatly reduced. 

[0063] /.Here, the cortipiitational chemistry method 
and the experimerital chernistry method are not neces- 
sarily required to be on the safne' computer as that hav- 
ing a cbniputer' prograrn product for" the catalytic 
reaction analysis in accordance with the present inven- 
tion. This is'also true in connection with the data bases. 
The following embodiment is a system in which it is pos- 
sible to . contact ' with the ' computational chemistry '' 
nfi^hod and tlie experimental chemistry method' 
through a ne'twork. ■ - . ^, ..■ 

[0064] Refemng to Fig. 3, there is shown a di'a- 
gramrnatic block diagram' illustrating one embodiment of 
the catalyst developing system in accordance with the'' 
present invention, so configured that the computer prb^- ' 
gram product for the catalytic reaction analysis ' in - 
aiccordance with the present invention, excluding ttie ■ 
data bases,' (called a "consulting program" hereinafter); ' 



" ' and the base bases are distributed on a network. A 

■ computer 22 including the consulting program is con- 

■ nected through a network to data bases 23, 24, 25 and 
26, analyzing programs 27 and 28 for the computational 

5 chemistry method and the computational physics 
method, and personal computers 21 for catalyst devel- 
• opers. 

[0065] In this embodiment, the catalyst developers 

■ can connect their personal computer through the net- 
id work to the computer 22 including the consulting pro- 

' grani,the catalyst developers can conduct the catalyst 
development and ttie catalytic reaction analysis any- 
where. In addition, since each catalyst developer can 
share the data and the analysis insult of other catalyst 
75' developers, each catalyst developer "can efficientiy 
develop the catalyst" 

[0066] ■ As mentioried above, according to the 
present invention, it is possible to realize a systematic 
and ecological catalyst deveidpment having a high 
20 degree of generality, and at the same' tinrie to greatiy 

■ refluce the time reqdired fbr the catalyst development 

" " [0067] Finally;^- thi'-'cdriteni of Japanese patent 
Applicatiori No; "27955^1 '^99 "filed on September'* 30, 
1999 is incbrporatecfbiir reference in its entirety into this 

25 application. ■ 

[0068]^ the^ 'invefitioit- has 'thus been shown and 
described wfth'T^erenbe tb the specific erribodiments. 
However, ^t sKoufd b"^ noted that the present invention is 
in no way iirri'ited to Iffe details of the illustrated struc- 

30 tures bdt changes and modifications may be made 
within the kcbpe 'Of the^appendeddalrhs." * 

Claims' - - . - 

35-1.' A system for selecting, when a catalytic reaction 
process is expressed as a collectivity of elementary 

' "reacfibn processes, the most doubtlesslelementary 
reaction' process coHect'rvity from a'^-pluralrty of 
expressible elementary- reaction process coliectivi- 

40 ' ■• ties," ■ " ' ' 

' the "catalytic reaction procesis" ' being what 
expresses ari^'edvancing rout6 of a catalytic 
reaction, the 'catalytic reaction* being defined 
45 ' to be a chemical risaction that can advance in a 
system including the catalyst by action of the 
* catalyst; the "catalysf being defined to be a 

' ' substance that changes the velocity of a chem- 

ical reaction by adding the substance into a 
so ' ' ' system in- which the chemical reaction can 

■ ^ ■ advance thennodynaniically, 

the -"efemeritafy reaction process collectivity" 
being a plural!^' of- continuous elementary 
• reactiorv processes or a collectivity of elemen- 
55 ' tary -reaction p'rofcesses, the elementary reac-'. 

" • tioh "* process" being what expresses an 
■ *■ ' advancingioute of the elementary reaction, the 
^ "elementary reaction" being a reaction that the 
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change of a bond is expressed by one micro- 
scopic process in a system including at least - 
one chemical species including a molecule, an- 
atom, a solid substance, a rad'cal, and an ion, - 
the 'bond* being defined to include- a covalent 
t)ond, an ionic bonci and all other bonds for* 
bonding between chemical species including a • 
molecule, an atom, a solid substance, a radi- 
cal, and ah ion, by action of a intermoleculair 
force or' another force,' 
wherein the system executes:' 
the step of analyzing each expressible elemen- 
tary reaction process colfectivity by applying' a 
suitable one selected from the experimental ^ 
chemistry rnethod, the computational chemis- 

^try rnethod and the computational physics 
method to'respective elerfientary reaction proc- " 
esses bt each elementary reaction process cot- 
lectivity,' where the 'experimental chemistry 

. method', is an analyzing method based on an ' 
experiment ?uch as a chemical experiment and 
a chemicai ' analysis, accompanied with a 

. chemical. change, k physical property evalua-" 
tion using an instrumental analysis, and 'the 

. result thereof, " ttfe "cpmputational chemistry 
method', is .an analyzing method mainly for' 
computing an interaction between chemicaf 

. species (molecule, atom, solid substance, rad- 
icat ion, etc.)' on. the; basis of the quantum 

„ mechanics," to simulate an interaction and a 
reaction between chemical species, the 'com- 
putational physics' method" is an analyzing 

. method mainly for computing an interaction 
between ah electron and a nucleus on the 
basis' of the quantum mechanics, to simulate ■ 
the physical property haying a directly engag- 
ing electronic structure,, and the 'analysis' is to 
know the change,, in 'the elementary reaction 
process, of. the physical property of respective 
.chemical .species (molecule, atom, solid SUb- 
.'stance, radical, ipn, etc'.)* engaging in'the reac- 

. tion, and the energy state of the system, ait a' 
starting point.and.at an ending point of the ele- 

. mentery reaction process, in a reactive Inter- 
mediate] and in a transition state, 
.the step, of regarding. a combination of "the 
. result of the analysis of the respective elemen- 
jtaryj.reactioft.prpicesses of each elemeritary 
reaction process collectivity as the result of the 

. analysis of, the eternentary reaction process 
. coliectivity; ' '. _ ^ 

' the step of comparing the result of the analysis 
of each elementary reaction process collectiv- 

,!/ity wlth 'the.resutt of the analysis by the exj^erh 
mental chemistry . .mettiod for th^ overall 
catalytic reaction; . .. " ' 
. the 'step of'seiecting, an elementary reaction 
prqcess .collectivity, having the highest de^ee ' 



of coincidence, as the most doubtless elemen- 
' tary reaction process collectivity. 

2. -A system for selecting an analyzing method which 
5 is estimated to be the most efficient, when an anal- 
■ 'ysis is conducted for an elementary reaction proc- 
ks'iricluded a catalytic reaction process, 

' ' "the 'catalytic reaction process" being what 
10 " • ' ■ expresses" an advancing route of a catalytic 
reaction, the -'catalytic reaction" being defined 
• • ' to be a chemical reaction that can advance in a 
' * system, including the catalyst, by action of the 

■ = catalyst; the .-'catalyst' being defined to be a 
is ' " • 'substance that changes the velocity of a chem- 
' ~' '■' ical "reaction: by ad(fing the substance Into a 
system- in which the chemical reaction can 
• a'dvance thermodynamically, the 'analysis" 
being to know-the change, in the elementary 
20* " ' reaction 'process; of the physical property of 
• ■* ■ j - respective chemical species (molecule, atom, 
■" solid substance, radical, ion, etc.) engaging in 
the reaction;- and the energy state of the sys- 
tern,- at a starting point and at an ending point 
25 of the- eiementary. reaction process, in a reac- 

• • tive intermediate, and in a transition state, 
the eleiTientary reaction process" being what 
expresses 'an adN^ncing route of the elemen- 
tary reaction^ the:'elementary reaction" being a 

30 reaction that the change of a bond is expressed 

by one microscopic process in a system includ- 
ing at least one chemical species including a 
molecule, an atom, a solid substance, a radi- 
- ' cal, and an-, ion,' the~ "bond" being defined to 
35 ' Include- a covalent bond, an ionic bond and all 
other bonds for bonding between chemical 
species including a molecule, an atom, a solid 
substance, a'radlc'ai; and an ion, by action of a 
intermolecular force or another force, 
40 ' wherein the system executes: 

' the step of analyzing each expressible elemen- 
- ■ ' ' tary reaction process collectivity by applying a 
- - ' suitable one seliected from the experimental 

• ' chemistry method, the' computational chemis- 
45 ■ ' ' try method and the -computational physics 

method to respective elementary reaction proc- 
' '• ' esses "of each elementary reaction process col- 
lectivity, -where the 'elementary reaction 
process collectivity" is a plurafity of continuous 
so elementary reaction processes or a collectivity 

of elementary reaiirtion processes, the 'experi- 
• rrienta! chemistry" rtiethod' "is an analyzing 
method based on ah experiment such as a 
chemical experiment and a chemical analysis, 
55 accompanied with a chemical change, a physi- 

' " * ' cal jaroperty evaluation using an instrumental 
■ ■ • ■ analysis, and'the result thereof, the "computa- 
* *' • tlonai 'cheniistry' method" is an analyzing 



15 



EP 1 089 205 A2 



16 



10 



15 



20. 



.25,. 



methods mainly tor computing an interaction , 
between chemical species (molecule, atorn, 
solid substance, radical, ion, etc.) on the basis 
of the quantum mechanics, to simulate an , 
interaction and a reaction between chemical 
species, and the "computational physics 
method" is an analyzing method mainly for, 
computing an interaction between an electron 
and a nucleus on the basis of the quantum 
mechanics, .to, simulate the physical property 
haying a directly engaging electronic structure,^ 
the-'step of: .regarding -a... combination of the. 
result of tha analysis of the respective elemen- . 
tary reaction processes of each elementary 
reaction process collectivity as the result of the 
analysis obtained when the respective analyzr^ 
ing metliods.are assigned to the respective ele- 
mentary^reaction process collectivity; 
the step of comparing the result of the analysis 
-of respective -elernentary reaction process cql-., 
lectivrty when-.J^e respective analyzing meth- 
ods are-assigne^, with the result of the analysis, 
by thiE expericnental, chemistry method for the . 
overall catalytic-reaction; . - 

the step i;of i^eiecting ,an analyzing method, 
assignment- giving the result of the analysis 
having the .highest degree of coincidence, as a 
analyz'mg met^pd^, assignment which is esti- 
mated^-to have^the highest efficiency; 
the: step of selecting respective analyzing 
methods ^igped to respeaive elementary 
reaction . pipcesses , in the analyzing method 
assignment giving the result of the analysis 
having the . highest degree- of coincidence, ,as 
the analyzing method which is estimated to be 
the most efficient for the respective elemeritary. 
• reaction 'processes. . 



A system claimed in Claim 2, wherein when a cata- 
lytic-reaction process is expressed as a collectivity 
of elementary reaction processes, the most doubt- 
less elementary reaction process collectivity is 
selected from a plurality of expressible elementary 
reaction . process collectivities, and when, an analy- 
sis is conducted for an elementary reaction process 
included a catalytic reaction. process, an analyzing 
method,which-is estimated to be the most efficient, 
is selected, - •, 

wherein after the comparison with. the result 
of the analysis by the experimental cherhislry 
method for the overall catalytic reaction, an elemen-, . . 
tary reaction process collectivity having the highest 
degree of coincidence .is selected as the most 
doubtless elementary reaction process collectivity,^ 
and respective analyzing methods assigned to' 
respective elementary, reaction processes of .the 
most doubtless elementary reaction process qoII|c- 
tivfty, are selected as the analyzing method whicli is 
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estimated to be the most efficient for the respective 
elementary reaction processes. 

4. - . A computer program product used in a system for 
selecting, -when a catalytic reaction process is 
expressed as a cpllectivity.,of elementary reaction 
processes, the most doubtless elementary reaction 
process collectivity fn^m a plurality of expressible 
elementary reaction process collectivities, 

trie "catalytic reaction process" being what 
expresses an advancing' route of a catalytic 
,reactic)n, the "catal^ic reaction" being defined 
, to be'a chemical reaictioh that can advance in a 
system including the catalyst, by action of the 
' . catalyst, the 'cataly^f being defined to be a 
."suisstance that changes the velocity of a chem- 
ical>eacti'bh by adding the substance into a 
system, in Whteh thfe bhemical reaction can 
■ ' * ' advance thermodynamically, 

the •elerneritery"feaciibn process collectivity" 
*, being b plurality of continuous elementary 
reaction prbcesses or a collectivity of elemen- 
tary reaction processes, the elementary reac- 
; tiqn prbcess* being what expresses an 
advancing ro6te of the elementary reaction, the 
' 'elemehtery' reartion" being a reaction that the 
chahge of a bond is expressed by one micro- 
scopic process in a system including at least 
one chemical species including a molecule, an 
atom, a solid substance, a radical, and an ion, 
the' "bond"' being defined to include a covalent 

* bond, an ionic ' bond and all other bonds for 
' bonding between cheniical species inducting a 

" molecule? ah atom; a solid substance, a radi- 
' " cal, and an ion, by' action of a intermolecular 

force or another force, ' 
^ ~ wherein''' the computer program product 
' includes a" recording medium which can be 
uied in 'a computer, said recording medium 
~ recording a computer program including: 
theWp of analyzing each expressible elemen- 
tary reaction process collectivity by applying a 
suitable One 'selected from the experimental 
' ' chemistry method, the computational chemis- 
try^ niethod and 'the ' computational physics 
' method to respective elementary reaction proc- 
- esses of each' elementary reaction process col- 
] lectivity; 

* the' step of regarding a combination of the 
result of the analysis of the respective elemen- 

■ tary reaction processes" of each elementary 
reaction process collectivity as the result of the 
analysis of the elementary reaction process 
*'* collectivity; 

the step of 'coifirtparing the result of the analysis 
' of each elementary -reaction process collectiv- 
' 1ty" with the result of the analysis by the expert- 
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mental chemistry method for the overall., 
catalytic reaction; 
the step- of selecting an. elementary reaction 
- - process collectivity having the highest degree- . 
. of coincidence, as the most doubtless etemen- , 
lary reaction process collectivity 
where the "experimental chemistry method" is . 
an analyzing method based on an experiment 
such as a chemical experiment and a chernical _ 
analysis, accompanied with a chemical 
change, a ^physical- property evaluation using,-. 
' an instrumental analysis, and the result- 
• thereof, the "computational chemistry method' 
:is,an analyzing^method mainly for compiiting 
an interaction between chemical species (mol- 
ecule,.atom; soRd substance, radical, ion, etc.) 
on the basis of the quantum mechanics, to sim-. 
. .ulate an iriteraction and a reaction between 
; chemical species, the - 'computational physics.. , 
mett^od" .is an analyzing, method mainly, for 
computing: an interaction- between an electron 
•and a nucleus on :the, basis of the quantum. . 
o mechanics, .to. simulate the physical property 

- having a directly. engaging electronic structure, ^ 
. • i and the "analysis" is to know the change, in the 

< elementary-reaction process, of the physical 
. property of respectwe chemical species (mole- 
.cule; atom,. solid substance, radical, ion, etc.) 
engaging in the reaction, and the energy state- 

- .. ofthe system, at a starting point and at an end- 
• ing point of the elennentary reaction process, in 
. a reactive; intermediate, .and in a transition 

: . state; 

A computer program. -product used in a system for 
selecting an analyzing method which is estimated 
to be .the most efficient, when an analysis is con; 
ductedrforan.elementary reaction process Included 
a catalytic reaction process, : 

the 'catalytic reaction process' being what 

.■ expresses an advancing route of a catalytic 
. reaction, the. "catalytic reaction" being defined 
. - to be a chemical. reaction that can advance in a 
system including the catalyst, by action of the 
-; catalyst, the /.catalyst' .';being defined to be a 
' • substari^ce that changes the velocity of a chem- 
ical reaction by .adding the substance into a 

- system, in which the- chemical reaction can-.; 

■ advance thermodynamically, the "analysis', 
'being to know the-change. in the elementary-, 

- -reaction process; of the physical property of 

■ . respective chemical species (molecule, atom, 
solid. substance; radical, ion, etc.) engaging in; 
the reaction, and the energy state of the .sys- 
tem, at a starting point and at an ending point 
of the elementary reaction process, in a reac-, 
tive intermediate; and in -a transition state. • ^ . - : 



15 



20 



25. 



30 



35. 



40 



45 



50 



55 



the elementary .reaction process" being what 
expresses an advancing route of the elemen- 
. tary reaction, the "elementary reaction' being a 
reaction that the change of a bond is expressed 
. by one microscopic process in a system Includ- 
ing at least one cheniical species including a 
molecule, ah atom, a solid substance, a radi- 
cal,' and' an ion, the "bond being defined to 
include a covalent bond, an ionic bond and all 
^ other bonds for bonding between chemical 
species inclucling a molecule, an atom, a solid 
sut«tance„ a'radical, and an ion, by action of a 
. .internfolecular force or another force, 
wherein "the \coniputer program product 
" includes a recording medium which can be 
' used in' a computer, said recording medium 
recording a computer program including: 
the step of analyzing each expressible elemen- 
. tary.'reaction process collectivnty by applying a 
^.suitable' one selected from the experimental 
i chemistry method," the computational chemis- 
try method. and the computational physics 
method to respective .elementary reaction proc- 
esses of each elementary" reaction process col- 
lectivity;, _ ,. . 
the step oi regarding a combination of the 
result of the analysis of the respecth/e elemen- 
tary reaction processes of each elementary 
reaction pnscess collectivity as the result of the 
analysis obtained when the respective analyz- 
ing methods are assigned to the respective ele- 
mentary reaction process collectivity; 
. the step of comparing the result of the analysis 
of 'respective elementary reaction process col- 
. lectivity when the respective analyzing meth- 
.' ods are assigned, with the result ofthe analyse 
. by the experinpiienial chemistry method for the 
overall catalytic.reaction;. 
the step, of. selecting .an analyzing method 
assignment giving the result of the analysis 
having the highest degree of coincidence, as a 
analyzing method assignment which is esti- 
mated to have the highest efficiency; 
the step of selecting respective analyzing 
methods assigned to .respective elementary 
reaction processes in the analyzing method 
assignment giving . the. result of the analysis 
having the highest degree of coincidence, as 
the analyzing method which is estimated to be 
the mpst efficient for the respective elementary 
reaction processes,. . , 
where the 'elementary reaction process collec- 
tivity" is a plurality of continuous elementary 
reaction processes or a collectwity of elemen- 
tary reaction processes, the 'experimental 
chemistry method". Is' an analyzing method 
based on .an experiment such as a chemical 
experiment and a chemical analysis, accompa- 
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nied with a chemical change, a physical prop^" - 
erty evaluation using an instrumental analysis, 
and the result thereol, the "connputational 
chemistry method* is an analyzing method 
mainly tor computing an interaction between '-s 
chemical species (molecule, atom, solid sub- 
stance, radical; ion, etc.) on the basis of the 
quantum mechanics.'to simulate an interaction '•' - 
and a reaction between chemical species, and 
the "computational physics method" is an ana- io 
* lyzing niethbd' mainly for computing an interac- ■ 
tion between an electron and a nucleus on the 
basis' of the (quantum rriechanics, to simulate • 
the physical property having a directly engag- 
ing electronic sti'ucture, '■ ' '15 ' 

A computer progrisuTi product claimed in Claim 5, 
wherein i^aid corriputer prpgram is so configured to - 
select ' when" a catalytic reaction process is 
expressed" as a coilectWity of Elementary reackibh 2t) 
processes, the most doubtless elementary reaction- ' " 
process colledtlyity'W selected from a plurality 'of = 
expfessible ele^mentary reaction process collectivi- 
ties, and to seleci an analyzing method which ts- 
estimatedto be the most'efficient, when an analysis 
is conducted for an eiementary reaction process 
included a catalytic reaction process, 

wherein "said computer program includes, 
after the comparison with the result of the analysis 
by the experimental chemistry method for the over- 

'all catalytic reaction, the step of selecting an ele- 

'mentary reaction process collectivity giving the 
result of the analysis having the highest degree of 
coincidence as the most doubtless elementary 

'reaction process collectivity, and respective analyz- 
ing methods assigned to respective elementary 
reaction processes of the most doubtless elernen- 
tary reaction process 'collectivity, are seleaed as 

■ the analyzing rhethod which is. estimated to be the 
most efficient for the respective elementary reac- 

'tion processes. 
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A system for ahailyzing a catalytic reaction by ■ . 
expressing a catalytic reaction process as a collec- - ' " 
tivity of elementary reaction processes, 45 



the "catalytic reaction process" being what - 
• expresses an Advancing route of a catalytic • 
reaction, the" "catalytic reaction" being defiried ' 
to be a chemical reaction that can advance in a ^ 
system including the catalyst, by action of the' 
catalyst, the "catalyst" being defined to be a'' 
substance that changes the velocity of a cherifv 
ical reaction by adding the substance into' a* 
system in which the chemical reaction ^can- 
advance th'ermodyhamicaliy, i 
the "elementary reaction process collectivity' 
being a plurality of continuous elementary 
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reaction processes or a collectivity of elemen- 
tary, reaction processes, the elementary reac- 
tion = process" being what expresses an 
advancing rdute of the elementary reaction, the 
"elementary reaction" being a reaction that the 

■ change of a bond Is expressed by one micro-' 
scopic process in a system including at least 
one chemical species including a molecule, an 
atom; a solid substance, a radical, and an ion, 

. -the "bt)nd"'being defined to Include a covalent 
f ;bondf- an ionic^.bond and all other bonds for 
bonding between chemical: species including a 
~. •' molecule, an atom, a solid substance, a radi- 

■ .-cal,' and i an '.ion,- by action of a intermolecular 

force* or another force, 
whereiTHthe system/executes: 
* the step of analyzing each expressible elemen- 
tary reaction^ process collectivity by applying a 

- suitable one^ selected from the experimental 
■ ' chemistry * method, the computational chemis- 
try 'rriethod^ and. the . computational physics 
rhethod tOTfispeahfe elerfientary reaction proc- 

" : esses 61 'eiach 'elementary reaction process col- 

■ Ietjtivft9r "Where 'this ."experimental chemistry 

- • method^ is ariahalyzlng "method based on an 
^ ■ experimerttuth &s a-chemical experiment and 

' • ar * chferfticar^«ihalysTs. accompanied with a 
' cheritfCE* dhBtnge; ii- physical property evalua- 
-- ■t1oh-u'siT>g ^'instrumental analysis, and the 
' result" Ihei'eiof. lhie^' "connputational chemistry 

- ■ method" 5ts an an&lyzing method mainly for 
" '^coTFiputm^ afi" ii^teraction' between chemical 

species (molecule, atom, solid substancer rad- 
ical, ion, etc.) on the basis of the quantum 
mechanlcsVIC simulate an -interaction and a 
• ' reactioYi between chemical species, the "com- 
' putational TphysiCs method" is an analyzing 
- method - rhaihly for computing an interaction 
betweeh 'an electn^n and a nucleus on the 
basis of the quantum mechanics, to simulate 
the ]3hysical property having a directly engag- 
' ' ing'ele&troftic 'Structure, and the "analysis" is to 
RnoW'the''Ch'ange, In . the elementary reaction 
pfbce^^ of the" physical property of respective 
chemicafl species (molecule, atom, solid sub- 
stariee, mdicai, ion, 'etc.) engaging in the reac- 
tibh; arvditie energy: state of the system, at a 
' ' starting point aTid;at an ending point of thie ele- 
mentary reaction- process, in a reactive inter- 
•; ^mediate. and-in:a ^nsition state. 

the- step- df vregartiing a- combination of the 
• -result'of the-analysis of the respective elemen- 
tary ^reaction processes of each elementary 
' reaction'process collectivity as the result of the 
■ r analysis a)f . the elementary reaction process 
' - ^. collectivity;' - " • ■- 

the' step of-comparing the result of the analysis 
' of each elementary reaction process collectiv- 
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ity with the result of the analysis by the experi- 
ment! chemistry method for the oveiBll' ■ 
catalytic reaction; 

.the step oi selecting an elementary reaction"" 
process collectivity having the highest degi-ee" 5 
of coincidence, as the most doubtless elemen-' 

. '. tary reaction process collectivity, to regard the' 
! . result of the analysis dt the selected elemen- 
tary reaction process collectivity as the result of ' 

. ^analysis of. the catalytic reaction. 

B. . A system claimed, in Claim 7, wherein the system 
. .executes: ...... 
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the step of regarding a combination of the 
result of the analysis of the respective elemen- 
^ tary reaction processes' of each elementary 
V "reaction process collectivity as the result of the* 
analysis^ obtairied when the respective analyz-' 
ing methods are assigned to the respecAiveele- 
. ' mentary. react! on process collectivity; - • • • 

the step. of cbniparing the result of the analysis 

of respective elernentary reaction process col-^ 'i' 
. lectivity when .the' respective analyzing meth- ■ • - ' 
ods are assigned, with the'result of the analysis 2S 
by'the.experirnerital chernistry method for the^ ' • 
.... overall catalytic reaction; ' 

the step of selecting an analyzing method 
.... assignment' giving the >esult of the analysis 

" . '.having the higheist. degree of coincidence, as a 30 
. * anal^ng method, assignment which is esti- 
mated to have the highest efficiency; 
' , the step' of selecting an analyzing method 
assignment, giving "the result of the analysis 
haying the highesft degi;ee of coincidence, as "ss ' 
the analyzing method assignment which is esti- ' 
/ " . . mated, to be the most efficient, to regard the ' 
., result .of the ianalysis in the selected analyzing 
. ' . method assignment as the result of the analy- 
sis of the catalytic reaction. ^ 

9, . A system claimed .in Claim '8, wherein after the' 
. comparison .with the result of the analysis by the 
experimental chemistry'method for the overall cata-' 
lytic reaction, all elemisntary reaction process col- 
lectivity having.the highest.degree of coincidence is 
. . selemedas.the most doubtless elementary reaction 
. process collectivity, and the respective analyzing 
methods assigned .'to respective elementary re4c- ^ 
• tion processes of the. selected elementary. reaction ' 
process collectivity, are selected by regaixfing' as 
.. the analyzing method which> estimated to be the . ' 

most efficient for the. respective elementary reac- 
. tion process, to regard the result of the analysis in 

t>ie selected analyzing method as the result of the 55 
• : analysis .of the .catalytic reaction. ^' , . 

10.. A computer progranri .product used in a syste'm.tor 
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analyzing a catalytic reaction, the computer pro- 
* gram product including a recording medium which 
can be used in a computer, where a catalytic reac- 
tion process being' expressed as a collectivity of 
-elementary reaction processes, 

the "catalytic reaction pi^cess" being what 
expresses an advancing route of a catalytic 
reaaiori, the "catalytic reaction" being defined 
to be a chemical reaction that can advance In a 
system including the catalyst, by action of the 
catalyst, the' "catalyst" being defined to be a 

• s^bstance'that changes the velocity of a chem- 
ical' reaction tjy' aldding the substance into a 
■ system in which the chem'ical reaction can 
advance thermbdynamically, 
the 'elementary 'reaction process collectivity" 
being a plurality of continuous elementary 

^' • reaction processes or a collectivity of elemen- 
*tary reaction processes, the elementary reac- 

V - tion ' process" -beinig what expresses an 
advancing route of the elementary reaction, the 
"elementary reaction" being a reaction that the 
change of a boiid'is expressed by one micro- 
■ sc'opic process' in a system including at least 
• one chemical species including a molecule, an 
' atom', a'sol'id substance, a radical, and an ion, 
•the "bond" being defined to include a covalent 
bond, an ionic bond and all other bonds for 
bonding between chemical species including a 
~ molecule, an atom, a solid substance, a radi- 
cal, and an ion, by action of a intemiolecular 
force or another force, 
said computer progranri including: 
the step of analyzing each express'ible elemen- 
tary reaction process collect'ivity by applying a 
• suitable one selected from the experimental 
■ cheniistry method, the computational chemis- 
try 'method and the -computational physics 
method to respective elementary reaction proc- 
esses of each elementery reaction process col- 
lectivity, where the' "experimental chemistry 
method" 'is an analyzing nnethod based on an 
experiment such as a chemical experiment and 
a chemical analysis, accompanied with a 
chemical change, a physical property evalua- 
tion using an instrumental analysis, and the 
result thereof, the - "computational chemistry 
method" 'is an analyzing method mainly for 
computing an interaction between chem'ical 
species (molecule.'atom, soRd substance, rad- 
ical, ion, etc!) on the basis of the quantum 
mechanics, to simulate an interaction and a 
reaction between chemical species, the "com- 
putational physics method" is an analyzing 
• method mainly for computing an interaction 
between ah electron and a nucleus on the 
basis'of the quantum mechanics, to simulate 
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- the physical property having a directly engag-. . 
ing electronic structure, and the "analysis" is to 
know the change, in the elementary reaction 
process, of the physical property of respective 
chemical species (molecule, atom, solid sub-' 
stance, radical, ion, etc.) engaging in the reac-.. 
tion, and the energy state of the system, at 
starting point and at an ending point of the ele: . 
mentary reaction process, in a reactive inter- 
mediate, and in, a transition state; 
- the step of - regarding a_,combination of the . 
result of the analysis of .the respective elemen- 
tary reaction ^irpcesses- of each elementary 
reaction process coMectivity as the result of , the 
analysis of the elementary reaction process.. 

• collectivity; 

' ^ the step of..cornparing the resutt of the analysis 
of each elementary reaction process collectiv- 

• ity with the result of the-analysis by the experi- . 
• , • mental chemistry method for the overall 

catalytic reaction;. - , 
' r • tt>e step -of selecting an elementary reaction.^ 
: process collectivity^ haying the highest degree, 
of coincidence, as the most doubtless elemen- , 
tary reaction process collectivity, to regard, the 
result of the analysis of the selected elemen- 
tary reaction process collectivity as the result of 
the analysis of the catalytic reaction, 

11. A computer program product claimed in Claim 10, 
"wherein said computer program includes: 

■the step of regarding combination of the 
resutt of the analysis-of the respective, elemen- 
tary reaction processes of each elementary 
reaction process collectivity as the result of the 
• analysis obtained when the respective analyz- 
ing methods are assigned to the respective ele- 
mentary reaction process collectivity; 
the step of comparing the result of the analysis 
of respective elementary reaction process coK 
lectiyity when the respective analyzing meth- 
. ods are assigned, with the result of the analysis 
. by the experimental chemistry method for the 
overall catalytic reaction; 
the step of.seledting an analyzing metho'd 
assignment giving the result of the analysis 
having the highest degree of coincidence, as a 
. . . analyzing method assignment which is. esti- 
mated to have^the highest efficiency, to regard" 
the result of the analysis in the selected analyz-, 
. ing method assignment as the result of ihe^ , 
analysis of the catalytic reaction. ^ 

12. A computer program product claimed in Claim 10,' 'is'* 
■ wherein said computer program includes, after the 

comparison with the result of the analysis by.the^ ; 
experimental chemistry method for the overall cata- * * " 
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lytic reaction, the step of selecting an elementary 
reaction process collectivity giving the resutt of the 
analysis having the highest degree of coincidence 

' as the most doubtless elementary reaction process 
collectivity, and the step of selecting a respective 

■ analyzing method assigned to respective elemen- 
tary reaction process of the most doubtiess ele- 
mentary reaction process collectivity, as tiie 
analyzing method which is estimated to be the most 
fifffident fol-'the same elementary reaction process 
to regard the result of the analysis of the selected 

• elerhentary reaction process "collectivity as the 
result of the analysis of the catalytic reaction. 

A systenri for developing a catalyst, wherein a cata- 
lytic reaction' process is expressed as a collectivity 
of elementary reaction processes, 

the 'catalyst* being defined to be a substance 
that changes the velocity of a chemical reaction 
by adding the substance into a system in which 
the chemical reaction c^n advance :thermody- 
' 'namical^. the' "catalytic reaction', process" 
' being what expresses an advancing ^route of a 

* _ catalytic reactiori, the "catalytic reaction" being 

' defined to be 'a "chemical reaction that can 
advanbe in a syistem Including tiie catalyst, by 
action of the' catalyst, " 
" the 'ejemehtary reaction process collectivity" 
beirig^ plurality/ of continuous elementary 
reaction probesses or" a collectivity of elemen- 
' taiy reaction' processes, the elementary reac- 
tion' process' being what expresses an 
' advancing route Of the elementary reaction, the 
_ ' '"elementary reaictiori" being a reaction that the 

* change of a bond is expressed by one micro- 
7* s6qpic process* in i system including at least 

' / 'one* chemical species Including a molecule, an 
atom, a solict substance, a radical, and an ion, 
the "bond" being defified to include a covalent 
bond, an ionic bond and all other bonds for 
bonding between chemical species including a 
rholecule, ah atom, a solid substance, a radi- 
' cai, and an ion, by action of'a intermolecular 
force or another force, 
wherein the system executes:" 
' the step of analyzing each expressible elemen- ' 
taiy reaction pi-'ocess collectivity by applying a 
sUitat)ie one; selected from the experimental 

* chemistry method, the computational chemis- 
" ' ' try 'method and the corriputational physics 

■ method to respectWe eiementary reaction proc- 
esses of each elementary reaction process col- 

* lectivity, where the "experimental chemistry 
' 'method' Is an anaiyzihg 'method based on an 

* experiment such as a chemical experiment and 
a chemical analysis, accompanied with a 
chemical change.' a physical property evalua- 
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tion using an instrumental analysis, and the 
result thereof, the '"computational chemistry 
method' is an analyzing method mainly for 
computing an interaction between chemical:-, 
species (molecule, atom, solid substance, rad- 
ical, ion, etc.) on the basis of the quantum 

'mechanics, to simulate an interaction and. a 
reaction between chemical species, the "com- . 
putational physics nnethod' is an analyzing 
method mainly foK computing an interaction 
between an "electron and a nucleus on the 
basis of the quantum mechanics, to simulate- : 
the physical property having a directly engag- 
ing electronic structure, and the "analysis" is'to 
know the change, in the- elementary reaction 
process,' of thfe physical property of respective 
chemical species (molecule, atom, solid sub- 
stance, radical, ion, etc.) engaging in the reac- ■ 
tion, and the energy state of the system, at" a " 
starting point and at an -ending point of the^ele- 
m'entary reairtion process, in a reactive inter- ■ 

"mediate, and in a" transition state, 
the step 6f regarding a combination of ^th^ - 

' r^isult of the analysis of the respective elenien* ' 
tery reaction prcic6sses of each eiemefi'tary " 

; reaction process collectivity as the result of the 
analysis of" the etenrientary reaction process' 
collectivfty; ' " ' ' 

the step of comji^ring the result of the analysis 
of e'ach elemantary reaction process collectiv- 
ity with the result of the analysis by the experi- 
mental cheniistry method for the overall* 
catalytic reaction; 

the step of selecting an elementary reaction 
process collectivity having the highest degree 
of coincidence,^ as; the most doubtless elemen- - 
tary reaction process"'cojiectivity to reflect the 
result of the analysis to a selection of controlla- 
ble parameters of the catalysl, where the "con- 
trollable parameter" is a parameter that can be' 
selected within any or a specific range includ- 
ing a reaction condition such as a treating tem- " 
perature and a treating flow rate, a catalyst ' 
construction {including a catalyst composition), 
and a carrier, in ari aimed catalytic reaction 
.process. ' ' " 



of respective elementary reaction process col- 
lectivity when the respective analyzing meth- 
ods are assigned, witti the result of the analysis 
by the experimental chemistry method for the 
5 overall catalytic reaction; , 

the step of selecting an analyzing method 
• : assignment giving the result of the analysis 
having the highest degree of coincidence, as a 
■ - analyzing method assignment which is esti- 
JO ' "-mated to have th'e' highest efficiency; 

the step' of selecting, respective analyzing 
methods -assigned to respective elementary 
reaction processes in the analyzing method 
* - ■•• * assignment -giving the:- result of the analysis 
having the- highest degree ot coincidence, as 
the analyzing method which is estimated to be 
the most efficient, to reflect the result of the 
analysis to a selection of controllable parame- 
'ters'of the catalyst. 
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14. A systerri claimed In Claim' 13, wherein the system 
. executes: • ^ . - . 
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" the step of regarding a combination of the 
" . . result of the analysis of the respective elemen- 
tary reaction processes of each elementary ' 
reai^tioh process collectivity as the result of the 
.analysis obtained,' when the respective analyz- 55 
,ing methods are assigned to the respfective^ 
. . ^menteu7 reaction procejss collects 

.the step, of comparing the result of the analysis 



15.- ^ system claihied in Claim 13, wherein the system 

^- executes: 



the step of ' regarding' a combination of the 

- result of the analysis of the respective elemen- 
tary-reaction processes of each elementary 
reaction process collectivity as the result of the 
analysis obtained when the respective analyz- 
ing methods are assigned to the respective ele- 
mentary reaction prxess collectivity; 

the step of comparing the result of the analysis 
of respective elementary reaction process col- 

- lectivity when the respective analyzing meth- 
ods are assigned, with the result of the analysis 
by- the experimental chemistry method for the 
overall catalytic reaction; 

the step" of selecting ah elementary reaction 
process collectivity, having the highest degree 

^- -of coincidence as the most doubtiess elemen- 
tary reaction process collectivity, 
the step of selecting a respective analyzing 
'method assigned to respective elementary 
reaction process of the elementary reaction 
process collectivity having the highest degree 
of coincidence, as the analyzing method which 

'is estimated to be the most efficient for the 
same elementary reaction process, 
the step of regarding the result of the analysis 
as the result of the analysis of the catalytic 
reaction, to reflect the result of the analysis to a 
selection'of controllable parameters of the cat- 
alyst • 



16. A computer program product used in a system for 
developing a catalyst, the computer program prod- 
uct including a recording medium which can be 
used iri a computer, where a catalytic reaction proc- 
ess being expressed as a collecthrity of elementary 
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reaction processes, , 

the "catalysr being defined to be a substance- , 
that changes the velocity of a chemical reaction 
by adding the substance into a system in which 

' the chemical reaction can advance thermodyr • 
namically, the "catalytic reaction process" • 
being what expresses an advancing route of a 
catalytic reaction, the "catalytic reaction" being 
defined to be a chemteal reaction that can 
. . advance in a system Including the catalyst, by 
action of the. catalyst,- . ' ' 

. the ■elementary„.r€actipn process cotlectivit/' 
being a vpiurarity; of XJontinuous elementary . 
' reactioni processes or a collectivity of elemen- 
tary reaction processes, the elementary reac- 
tion process" being- what expresses . an 
advancing route ofthe elementary reaction, the 
"elementary reaction* being a reaction. that the 

' . change of a bond is ^pressed by one micro- 
scopic process in a system. :|ncluding at least 
one chemical species including a molecule,.an 
atom, -a splid substance, a radical, and an ion, 
the "bond" t>eing defined to include a covalent, 
bond,: an ionic bond and all other bonds for 
bonding between chemical species including a 
moleculei. an atpni, a-solid substance, a radi- 
cal, and; an ion, by action of a intenmolecular 
. force Of another force, 
wherein the system executes: 
the step of analyzing each expressible elemenr 
tary react! on.prpcess collectivity by applying a 
suitable one selected from the experimental 
chemistry method, the computational chernis- 
try method and the computational physics 
method to respective elementary reaction proc- 
esses of each elemeritary reaction process col- 
lectivity, where the, 'experimental chemistfy 
method" is an analyzing method based ori an 
experiment such as a chemical experiment and 
a chemical analysis, accompanied with . a 
chemical change, a physical property evalua- 
tion using an instrumental analysis, and the 
.result thereof, the "computational chemistry 
method" is an ariafyzing method mainly for 
computing an interaction between chemical 
. species (molecule, atom, solid substance, rad- 
ical, ion, etc.) on the basis of the quantum 
mechanics, to simulate an interaction and a 
reaction lietween chemical species, the "conrv 
putational physics method" is an analyzing 
method mainly for computing an interaction 
between an electron and a nucleus ori the 
basis of the quantum mechanics, to srmulate 
the physical property having a directly engagj: 
■ . ing electronic structure, and the "analysis" is to 
i<now the change, in. the elementary reaction 
process, of the physical property of respective 



chemical species (molecule, atom, solid sub- 
stance, radical, ion. etc.) engaging in the reac- 
tion, and the energy stale of the system, at a 
starting point and at an ending point of the ele- 
5. . mentary reaction process, in a reactive inter- 
mediate, and in a transition state, 
the step of regarding a combination of the 
result of the analysis of. the respective elemen- 
* tary_ reaaion processes of each elementary 

^10 • . reaction process collectivity as the result of the 
analysis of the elementary reaction process 
. • • • collectivity;, 
. • .- thestepof comparing the result of the analysis 
- • . of each elementary reaction process collectiv- 
,,15 ' ity with the result of the analysis by the experi- 

mental chemistry .piethod for the overall 
. ■ catalytic reaction; 

tr\§ step, .of selecting an elementary reaction - 
process collectivity having the highest degree 
20: . . of coincidence,, as the most doubtless elemen- 
.. . - tary reaction process .collectivity, to reflect the 
..... result Qt the. analysis to a selection of controlla- 
. J5le'param|texs ptthe catalyst, where the "con- 
trollabie paranrieter" is a. "parameter that can be 
. 25. . . selected within ^ny or a specific range includ- 
" . . " . ing a' reaction condition such as a treating tem- 
perature' and a. treating flow rate, a catalyst 
construction, (including a catalyst composition), 
and. a earner, jn an aimed catalytic reaction 
30 \ process. '. . ' \ ^ 

17. A computer'program' product claimed in Claim 16, 
wherein the systerri executes: 

35 . , the 'step of' regarding a, combination of the 
■ result, of the analysis of the respective elemen- 
tary, reactiph, p'rocesses of each elementary 
reaction process collectivity as the result of the 
analysis obtained when the respective analyz- 
40 ing methods are assigned to the respective ele- 

mentary. reaction process collectivity; 
the step of comparing the result of the analysis 
of. respective elementary reaction process col- 
lectivity when the respective analyzing meth- 
45 ' ods are assigned, with the result of the analysis 

by the experimentail chemistry method for the 
overall catalytic reaction; 
the step of selecting ari analyzing method 
assignment giving the result of the analysis 
so „ haying the highest degree of coincidence, as a 
analyzing method" assignment which is esti- 
rhated to have the highest efficiency; 
the step of "selecting respective analyzing 
/ " methods assigned to respective elementary 
. 55 " * reaction" processes in the analyzing method 
assignment giving the result of the analysis 
having-jhe highest degree of coincidence, as 
* ' ' the analyzing method which is estimated to be 
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the most efficient, to reflect the result of the 
analysis to a selection of controllable parame- 
ters of the catalyst. 



18. A system claimed in Claim 16, wherein the system s 
executes: 



the step of regarding a combination of the 
result of the analysis of the respective elemen- 
tary" reaction" processes breach elementary m - " ' ' 
reaction process collectivity as the result of the 
' analysis obtained when the'fespectivie anaiyz- 
ing methods are assigned to the respective ele- 
mentary reaction process coilectivity; 
the step of comparing the -result of the analysis is 
of respective elementary reaction process col- 
v lectivity when the respective analyzing meth- 
ods are assigned, with thej-esutt of the.analysis 
. by the experimental chemistry metho*(| f^ the 
overall catalytic reaction; j. 
' ' ttie step of selecting an.-eleiT>e"ntary Reaction ^ 
: process collectivity having the highest^ degree ' 
of coincidence as the.most doubtless elenien- 
tary reaction process collectivity. 
the step of selecting a respective analyzing 25 
I method assigned to respective elenrientary 
: reaction process of the elementary reaction 
i process collectivity having the highest 'degree 
. of coincidence, as the analyzing method which 
is estimated to be the most efficient for the 30 

• same elementary reaction^process, 

the step of regarding the:result of the analysis . 
as the result of the analysis- of the catalytic 

• reaction, to reflect the result of the analysis to a ^- 

' selectionWontrollable parameters bf-the cat- 55" 
' alyst / \ 
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